Irreversible inhibition of bovine lung angiotensin I-converting enzyme with p-[N,N-bis(chloroethyl)amino]phenylbutyric acid (chlorambucil) and chlorambucyl L-proline and with evidence that an active site carboxyl group is labeled.
Bovine lung angiotensin I-converting enzyme is rapidly and irreversibly inactivated by p-[N,N-bis(chloroethyl)amino]phenylbutyric acid (chlorambucil) and by the chlorambucil derivative of L-proline (chlorambucyl-proline). Chlorambucil is a nitrogen mustard alkylating agent that is used as an antineoplastic drug. At any one concentration, the inactivation is pseudo-first order with time. Inhibition by both substances is active site directed as suggested by the formation of a reversible enzyme-inhibitor complex prior to the alkylation reaction and by the fact that L-Phe-L-Pro, a reversible inhibitor which is competitive with substrate, is also competitive with both irreversible inhibitors in protecting the enzyme against inactivation. The second order rate constant for inactivation increases in the pH range 5-8 and reaches a value of 3.5 X 10(3) M-1 . min-1 for chlorambucil and 4.8 X 10(2) M-1 . min-1 for chlorambucyl-proline. Chlorambucyl [U-14C]L-proline reacts 1:1 with the converting enzyme and the uptake of radioactivity paralleled the loss of enzyme activity with and without protection by Phe-Pro. Once bound, the radioactive chlorambucyl proline was released (as the dihydroxy derivative) by hydroxide ion with a second order rate constant of 2.2 M-1 . min-1 at 25 degrees C. The radioactive label is also removed by hydroxylamine at pH 10. The lability of the irreversibly bound inhibitor in alkali and in hydroxylamine indicates that an ester bond is formed by the alkylation of an aspartic acid or glutamic acid side chain.